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PATHOGEN-SPECIFir CTTT. THERAPY 



BACKGROUND OF THE INVENTION 
This invention relates to therapies involving 
5 administration of cytotoxic T lymphocytes. 

cytotoxic T cells (CTL's) that specifically lyse 
HIV-1 infected autologous target cells have been found to 
ocpur at uncommonly high frequency in the blood of HIV- 
infected individuals; killing by such cells is 
10 predominantly mediated by CD3*CD8* effector cells although 
cytotoxic CD4* cells and natural killer cells also play a 
role (Walker et al.. Nature 328:345, 1987; Plata et al., 
Nature 328:348, 1987; Walker et al. , Science 240:64, 
1988; Sethi et al.. Nature 335:178, 1988; Koenig et al., 
15 Proc. Natl. Acad. Sci. USA 85:8638, 1988; ixon et al. , 
Nature 336:484, 1988; Tsubota et al. , J. Exp. Med. 
619:1421, 1989; Riviere et al., J. Virol. 63:2270, 1989; 
Kotip et al., Blood 73:1909, 1989; Hoffenbach et al., J. 
Jjnmunol. 142:452, 1989; Culmann et al., Eur. J. Immunol. 
20 19:2383, 1989; and Hosmalin et al., Proc. Natl. Acad. 
Sci. USA 87:2344, 1590). CD8* T cells recognize 
antigenic peptides presented by MHC class I molecules. 
To be recognized by a CTL, a peptide must be properly 
processed, be capable of binding to MHC strongly enough 
25 to compete with other peptides, and be recognized as a 

peptide-MHC complex by T cells in the repertoire. Recent 
studies indicate that in some infections only a small 
number of peptides meet these criteria and that CTL 
specific for these epitopes dominate the lytic response 
30 (Braciale et al., Jminunol. J?ev. 98:95, 1987; Whitton et 
al., J. Virol. 62:687, 1988; Klavinskis et al., J. Virol. 
63:4311, 1989; Whitton et al., J. Virol. 62:687, 1988; 
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Braciale et ai » 

Hosnalin et al. mooo . 
'^"c. „ati. 5ci. lira's-!^' '^'^"""^ " =1- 

2ifi=H8, 1989; J „ : "83; Science 

response to HIV-l i„ ■ ^ ^OBlnates the CTL 

international conference on lll' if""" 
1990, report that In Slv-ilt^^' „ 
"sponse to ^ to have , nlTr' 

specificity. cul.ann et ai. a989 ^""""^ 

two hu»an subjects, the CTL r 
^ P"tei„ is Preao^inantirLecta"" "^"^"-^^ 
•»lno acla region. Koenig et al " 
1990, report that a ten ' ii£:l27, 

P-ein is recogniee/:;: r4=f; llT"' « 
seropositive individuals. ^ t"" °ut of ten Hlv- 

Xn one aspe~ e°' ™' 
-"ting a »a™.a/inf'ec?e: ITtr";" '""^^^ = « 
involving selecting, fro„ , ^"racellular pathogen 

lymphocytes, a IZ'^ — " - 

T lymphocytes Which recogni.et o.tr'"'" 

Which are capable of I' lJ ^"f '^"-=P«i"= antigen 
« the patient, and ad^inLt" ^'"'"'^"-^^"ted cells 
tterapeutically effectr^ ' """" ^ 

cytotoxic X lymphocytes p^T " °^ 
specific CTL-enriched suh-rZ,! " ' P"hogen- 

stiMlating the prolifer.tf 9=''e"lly involve, 

ia using a nonspecific ll' ^"l^P-^ytes 

pathogen-infected cells ,i 1" ^he presence of 

specific antigens on their "sur/""' "splaying pathogen- 
pathogen-infected cells results "'i^ °' 
e^cpansion of a population of ctv^ h 

°f CTL-s Which are capable of 
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targeting and lysing host cells harboring the pathogen. 
Preparation of the pathogen-specific CTL-enriched sub- 
sample nay further involve identifying, for a particular 
mammal, those pathogenic-specific antigens which are 
5 capable of eliciting a particularly potent CTL response 
and presenting peptides displaying these antigens to the 
proliferating T cells in order to further expand the 
pathogen-specific CTL population in the sub-sample. 

In preferred embodiments, the sub-sample is 
10 prepared by incubating the sample with a mitogen which is 
capable of inducing lymphocyte proliferation (preferably, 
phytohemagglutinin) ; the sample is further incubated with 
IL-2; the sample is further contacted with a pathogen- 
specific antigen recognized by CTL's of the mammal and 
15 which is capable of inducing a CTL response in the 

mammal; the method further involves administering to the 
mammal a therapeutically effective amount of a pathogen- 
specific antigen recognized by the CTL's of the mammal 
and which is capable of stimulating a cytotoxic T 
20- lymphocyte response in the mammal. 

In another aspect, the invention features a method 
of treating a mammal infected with an intracellular 
pathogen involving administering to the mammal a 
therapeutically effective amount of a pathogen-specific 
25 antigen which is recognized by the CTL's of the mammal 
and which is capable of stimulating a cytotoxic T 
lymphocyte response in the mammal. 

In preferred embodiments of both aspects, the 
antigen is displayed on the surface of an autologous 
30 antigen-presenting cell (preferably a B-lymphocyte) ; the 
mammal is a human; the intracellular pathogen is a virus 
(preferably a human immunodeficiency virus, a human T 
cell leukemia virus, or a Herpes virus, preferably, an 
Epstein-Barr virus) , a mycobacterium, a protozoan, or a 
J5 fungus; and the pathogen-specific antigen is 
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35 



immunodominant. m the case of a oati^r,^ • * 

ell " ""^"^"^ " HIV-en=oae. prctein 
example, the product of the env or i-ho 

cau=, "^""""ol" pathogen" is „eant a disease- 

causing organism which resides during , 

its life cycle with(„ u ' ^^^^'^ " P^"^' 

^-ycxe, witnm a host cell n^r «- • ._ 
* cvtoi-ftv,-« m , ^ cej-i. By "enriched for 

cytotoxic T lymphocytes" is meant thai- i-k 

V^huall, greater num^ert ato e";^^^^^^^ 
cytotoxic T lymphocvtes m « m , P«ciric 

^ (i.e., T lymphocytes which 
recognize and destroy cells h»,^,- 1 

case, P«hogen4e i c ant^glnf^r" ^" 
t..n a freshl. isolated sample of'th 'patient": 
lymphocytes. By "pathogen-specific antigen" 1 „eant 
protein produced upon infection by a patZ. k 
recognized = ^ pathogen which is 

gnized (I.e., responded to) as foreign by cells 1„ 
this case, cytotoxic T cells of .-h - 
system. By "lyse" i.\ I Patient's immune 

'^y xyse is meant to destrov r^y ^4 - ^ 
for example, a host cell harh disintegrate, 
"Dathoa^n • * ""^^^ a pathogen. By 

pathogen-infected cells" i«s mo»r,^ 4.u 
h^^K • "-eiis is meant those host cell«! 

"itosis and, thus 111 ^ 

is meant th^ proUfel-'" «^P-"" 
uiie proliferation of ctt • c i « 

specific « ^. ^" response to, and 

»ean occu":„: H^H'''"^ By "autologous" is 

presenting cei!.. L meant""' 

i=ri<i-~- — ^^^^^^^^ 
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virus. By "virus" is also meant, without limitation. 
Papillomavirus, Creutzfeldt- Jakob virus, and feline 
leukemia virus. By "mycobacterium" is meant, without 
limitation, Mycobacterium leprae , Mycobacterium 

. 5 tuberculosis . By "protozoan" is meant, without 
limitation. Toxoplasma gondii . Giardia lamblia . 
Trypanosoma cruzi, organisms of the genus Leishmania , and 
organisms of the genus Plasmodium which cause malaria. 
By fungus is meant, without limitation, Pneumocystis 

10 carinii. Candida albicans, and Candida tropicalis . By 
"CTL-stimulatory fragment" is meant a peptide which is 
capable of stimulating antigen-specific CTL 
proliferation. By "immunodominant" is meant (an antigen) 
capable of eliciting an unusually potent CTL response. 

15 In the method of the present invention, the CTL's 

of the enriched sub-sample or CTL's expanded in the host 
following administration of pathogen-specific CTL- 
stimulatory peptide or peptide-bearing antigen-presenting 
cells recognize and selectively target pathogen-infected 

20 cells. Because such pathogen-infected cells represent a 
small percentage of the total cell population, this 
method minimizes side effects, such as immunosuppression, 
which may result from other forms of therapy such as 
those which destroy or impair the function of host cells 

25 which are either infected or at risk of being infected by 
the pathogen. Moreover, the pathogen-specific CTL 
population may be administered to the mammal free of 
lymphokines, thereby avoiding the vascular-leak syndrome 
generally associated with lymphokine therapies, at least 

30 in humans and mice. Finally, the pathogen-specific CTL 
population is generated from a mammal's lymphocyte 
sample. This is an important feature of the invention 
because antigens capable of inducing an effective CTL 
response (i.e., inducing significant CTL proliferation) 

35 may vary, and, for example, in the case of HIV-i, do vary 
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W092/(M4j2 

- « - 

from one Individual to th» 

■"--al.s o«, lymphocytes iTT' "^^'""^"^ "ith a 

CT... wM=. „co^i,r lyse ceu"'"^ '° "^^^^ 
specific antigens which are ^1, ^"Oo^en- 
P-ticuiar hu„an or ma^," ^"""^-"-t ^or that 
or ma^al.s CXL response t^ . " h ""^"^^i'" • 

other features an^ . P'ttogenic infection. 
""1 apparent fro! r fTiro:?"^ " 
P«^«red e^odl„ents. and "oT::: T^^^"- the 
DESCRIPTION or THE PpL 
The drawing „in Q«Bodim„ts 

9 WUI first hrlefly he described. ' 



DRAWING 

Fig 
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truncated Hiv-a envelcpT": =^ a set 

P"tel„s. fro„ Which can L 1"'.""^"^ transcriptase 
""'Ul as candidate HIv-1.3 'r^^^' ^'^""^ are 
antigens. ' ^pecxf.c, CTL-sti„ulatory 

^-specific epitopes r'TcTrit^"''"''^"''"™ °' ""e Hlv- 

eight independen': "itrs'"""""''""^-" ^ 
individuals. "^^■seropositive 



EXAMPtE 



30 



There now follows a a. 
generating fr.„» description of . ^ 

lv» >. " ' sample of an ht« ■ "ethod for 

lyfflphocytes, a sub-sample enr^ H Patient's • 

lymphocytes (CTI,, which re. ^l-toto^ic t 

"tlgen and which lyse ceHs°':"' " «^-^-Peclfic 
"-elr cell surfaces' The m:th f'^"' ^''^s antigen on 
establishing a T cell uL T'" '"'""y involves 
sample of the patient -s i^t'"" """"^""nj from a 
proliferation of this x ceTr'"*" "^--latlng 
»"ogen. Becaus. hiv-i 1, ^ """specif lo 

-splaylng HI,., antigen:^- . "Us 

^"^facej are naturally 
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included in the sample in infected individuals and 
because the culture conditions enhance viral replication, 
the final preparation is enriched for cytotoxic T 
lymphocytes, which recognize and lyse cells displaying an 
5 HIV-i specific antigen. The method may further involve 
identifying, for a particular patient, an immunodominant 
HIV-1 specific antigen (s) which is (are) capable of 
inducing a CTL response and presenting a peptide (s) 
displaying this epitope to the proliferating T cell line 
10 to further, enrich the sub-sample for HIV-l specific 
CTL's. 

T-Lvmphocvte Culture 

Heparinized whole blood was obtained from HIV-i 
infected patients, i.e,, patients seropositive for HIV-l 

15 as assayed by Western blot analysis, and peripheral blood 
lymphocytes (PBLs) were isolated by Ficoll-Hypaque 
density centrif ugation. Cells were cultured at 5xl0^/ml 
in RPMI 1640 supplemented with 15% fetal calf serum 
(Hazleton), 2mM HEPES, 2mM glutamine, 100 U/ml 
.20 penicillin, 100 Mg/ml streptomycin, and 50^M 

mercaptoethanol, and T cell lines were established by 
addition of 2 /zg/ml PHA-P (Difco) and 200 U/ml rhu IL2 
(Cetus), Twice a week cultures were adjusted to 5xl0^/ml 
with fresh IL-2-containing media, 

25 Using this method, T cell lines were generated 

from ten CDC group II, five group III and three CDC group 
IV individuals. These cell lines grew vigorously for 
over a month without further stimulation, even from 
patients with AIDS, although those cells grew less 

30 vigorously. After 6 weeks, most cell lines with no 

further exogenous stimulation had stopped dividing. No T 
cell line could be generated from one hemophiliac patient 
^i'th longstanding AIDS and profound immunodeficiency 
(absolute CD4 count 20/mm^, CD4/CD8 ratio 0.03). 
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After 2-3 weeks of culture, T cell lino« 
screenea for cytotoxicity against autolc^out e ,en"- 
^..ecte. Wit. vaccinia vi.us containing Z nlvll lt"^^ 
crene or a fragment of the esI gene fi ! ^ ^nv 

S VPE16 and vcr,i _ . ' ' constructs 

ai T "="""^^^1^' ibed in „ai,er et 

«en. was use^ con ror" T"' 'T'^'"^ ^ 

^escrlb«, in chakrabarti et ai ^aT 
10 Flexner et >l „• , ' "^'"^ i2S=535, 1986; 

i=»ner et al., Virol. 166:339 loom , , 

Sf 3 ^^^^ -^^^ --K^ ..tolcgo. .SV- 

ypxou (env) proteins from isolate HIV-i . noi 
vaccinia (vCF2i^-in^^^... ^ ^ ""^''^iiib' Pol- 

last 22 /^^'^'^^-^"^^^ted cells expressed all but the 
J-ast 22 ammo acids of <-h«, 

r,7-r,*-«,- * reverse transcriptase fRT^ 

protein from isolate HIV-l r. ' 

r,T-o4.«,- HXB.2- Expression of HIV-i 

0 f" te: ::uT"^^^''^ »«oi™„noprecipitation of 

prepared and tit^^i; Z UlZl f 

ceUs as described in L^Ll" TeTar:;:: 

expressing foreign aenes" ir. n ^-i 
ed., DMA cloning: a oractl^.i ' 
Press, oxford approach. Vol li, 

in some casls' also "ere, 
fo™.*' titered by assaying syncytia 

des^-:™ "«"ivation with csi66 cells as 

aescribed m Salahuddin et ai tt- , 

was added to each well, and 
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cells were further incubated, without rocking, for 16 hr. 

Cytotoxicity was measured using a ^^-Chromium (Cr) 
release assay as follows. B cells (i.e., target cells) 
were pelleted and resuspended in 200ul of serum- 
5 containing media to which was added lOOuCi of NajC^^CrO^) 
(Dupont) . After incubation for 1 hr at 37**C over CO^ 
with occasional mixing, targets were washed 3 times and 
resuspended at 10^ cells/ml. 10^ labelled targets were 
added to triplicate wells of U bottom microtiter plates. 

10 For peptide experiments, the labelled targets were 

incubated with peptide at a final concentration of 50 
Mg/ml for 30 min. at 37**C over before adding effector 

cells. Effector cells were suspended at various E:T 
ratios in lOOul of media and added to target cells; 

15 plates were incubated at 37 *C over CO^ for 4 hr. For 

each target, spontaneous release (SR) was determined from 
wells to which 100 ul of media was added, and total 
release (TR) was calculated from wells containing lOOul 
1% NP40. Superhatants (75ul) were collected from each 

20 well and were counted on a gamma counter after addition 
of 75ul of 1% NP40. Percent specific cytotoxicity was 
calculated from the average cpm as [(average cpm - 
SR)/(TR - SR) ] X 100. Spontaneous release below 15% of 
total release was considered acceptable. 

25 Using such an assay, it was demonstrated that 12 

out of 18 PHA-stimulated T cell lines directed 
significant cytolysis of either RT or env-express ng 
targets (defined as specific lysis of HIV-1 expressing 
targets minus lysis of the lacZ expressing target of 

30 >10%, at E:T of 25:1). Five of the ten group II cell 
lines lysed RT-bearing targets, four lysed env-bearing 
targets; two of the five group III cell lines lysed RT 
and env-targets and of the three group IV cell lines, two 
lysed RT and all lysed env targets. In addition, it was 
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demonstrated that such r.^^^ -. • ' ^. 

40% HIV-1-sn.oi J directed as much as 

4 0% HIV 1 spec:Lfic cell lysis above background (i e 
lacz target) Ivsis in a u " t-i-.e., 

. ^ m a 4 hr assay using an 

effector: target (E:T) ratio of 6:1. This wa. 

:;rr"' ^^^^^ .^nZrir^iz ~ 

Prior to enhanced HIV-i-specific killing ^v, 
=tl„ulatea T ceu lines ac^i^/KK-l^^e activTt; ^ 

concentration of i-k,-,, «r-r y-^'-aj. 
culture. ' ^""^^ ^^"^^"^'^ time in 

CTL imTt^llT,r^H^^^^n3„^ 

l-spe=i«r<^Tor'' proliferation of Hlv- 

patient's CTL. epitope recognized by the 

Particuial pa™ e« X^^™"-^-^-- ^Pitcpes .or a 

screened afte^ ""'w^: "" ^T"''"^" ' ""^ 

weeks an culture for cytotoxic 
against autologous B ooti ^ y-o^oxxcity 
j-ogous B cell targets infected with the 

ra~:.:~ "^''-^ - 

25 P^°teins; cytotoxicity was assayed by ^^cr- 

ta^ets .ic. pLe:t:r s^ rraUCur-""^ 

spanning the region identH'ioH . , ^ Peaces 

-uncated proteins. r:::r^i:a\irsr: ^^^^^^^^^ 

Ci-e-, for env, vPEl6, vPE17 vPEin 
VPE8, VPE20, VPE21, vPE22 • tr.^ T,-n ' 

- Hcs.u„ i,::!'^r:rr::::Tr;irr-^ 
PB.S o. 'z: iX^t rtien?;; 

f aent patients recognize different 
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iimnunodominant env and RT epitopes, m particular, in 
four cell lines studied, response to a single 104 amino 
acid region (i.e., amino acids 747 to 851) of the env 
glycoprotein unequivocally dominated cytolysis; in one 
cell line, an additional region (i.e., i to 204) was also 
recognized. To further refine the commonly recognized 
104 amino acid epitope, a set of seven 22-amino acid 
peptides with 8-amino acid overlaps spanning this region 
was synthesized by standard techniques (by scientists 
other than, the named inventors) and used to sensitize 
•autologous "cr-labelled targets. Three of the four T 
cell lines that recognized determinants in this region 
responded to different peptide epitopes. For one 
subject, a peptide concentration of 0.2 ng/ml was needed 
15 to begin to sensitize targets and the response plateaued 
at 12 Mg/ml. For this subject, three separate T cell 
lines generated over a period of six months consistently 
recognized the same single dominant epitope. The T cell 
line from another subject, analyzed with a set of 20- 
20 amino acid peptides with 10-amino acid overlaps (obtained 
from the MRC AIDS Reagent Project) , also recognized a 
single peptide (i.e., amino acids 219 to 238). 

Because the HIV-i isolate used as a source of 
candidate CTL-stimulatory antigens is likely different 
25 from the HIV-i isolates harbored by the patient and 

because at least some HIV-i proteins vary considerably in 
amino acid sequence between isolates, it is likely that 
viral antigens identified by this method, e.g., those 
described above, are relatively invariant. 
30 Following identification of immunodominant 

epitopes, peptides bearing these epitopes were used to 
stimulate ctl proliferation as follows. T cell lines 
(approximately 3-4 weeks after initiation of culture) 
were harvested and resuspended in fresh IL-2-contaihing 
35 media at 10« cells/ml. Cell lines were selected with 
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" or peptiae Present:/;!::::!::"""" " ^- 

Presentlng B cells. For the 1,^^ ^"""^"^ou^ antigen- 

5 irradiated (5000 r.d. ' * """^ 1^"^= "«e 

<auoo rad), rasuspended at- in', , 

incubated with peptide at l L 

occasional .Li^,^ l'"' "l^"',^^ "'c with 

pelleted and add!d to thl T cen^L"^"'"^^ 
Of fresh media. Twice weekly " 1'^^ " 
" fresh .edia added to .aintain^'a ce ll" arT '"""^^ 

==<10V»1. «ter 10 days, treated "c.U ir:::"'""°" °' 

— vacci:Lr.:tr 
" - a pirt r ^irr; :x "-^ ---^ 

Shown to recognise hoth an U-lllZT T^^^' ' 
epitope In env but none in J T \ " 
the growth Of Hlv-i-soecif ■ "^ectively enhance 

three week T cell Unl ^ Peptide, a 

- either .irectl^^itrL't;:::^^""" 

recognized ,i.e., amino lllToT-l^Tlr"'"' " 
«™M«!VWS<!ELKHSAVNLU„ „, ' ' " . °' sequence, 
cells preincubated witi II" '"""'^^ autologous B 
unbound peptide. In b^th ins::''''' "'^'^^ '° 

= substantial enhancement^/HlT:"'' 

*he extent that the killing c^Jl^^ cytotoxicity to 
selected cell linoo ^ . Peptide- 
specific c:o„es pe!::, -"'"i-^e .ro. env- 

and so ^TTsZZZr'T' r ' "''"^ 

' lower concentration tell on :! T ^ effective; the 
peptide dose response curC: f^: °' 
cytotoxicity; the hich:: sensitizing targets for 

Plateau, .h" thr^i d ,::Trt::'°" '"' 

'OnH. cell lines stimulated w": :::: :'^ " 
than untreated cells .Z, Peptide grew less well 

cells, possibly because of lysis of 
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peptide-presenting T cells; the decline in cell numbers 
was greater at the higher peptide concentration. Cell 
lines treated with peptide-presenting cells experienced a 
dramatic burst of cell growth and increased in number 8- 
5 fold above untreated cells. They also developed 

cytotoxicity against EBV-trans formed autologous B cells. 

Therapy 

Sub-samples enriched for pathogen-specific CTL«s 
are administered to a pathogen-infected patient as 
10 follows, cells are washed with PBS to remove culture 
medium and are infused back into the patient by the 
standard techniques developed for cancer therapy by 
Rosenberg (see, e.g., Rosenberg et al., N, Eng. j. Med. 
319:1676, 1988). Typically, infusion is performed 
intravenously using lo' - lo" cells, and the procedure 
takes approximately 30 minutes. if necessary, treatment 
can be repeated. Therapy can be administered soon after 
pathogen infection or upon onset of symptoms, m 
addition, one or more Pbl samples isolated from a 
pathogen-infected, asymptomatic individual, or a CTL- 
enriched sub-sample prepared following pathogen 
infection, may be stored, frozen in liquid nitrogen, 
until such time as that patient requires therapy. 

Because the CTL's of the enriched sub-sample 
recognize and selectively target pathogen-infected cells 
and because such pathogen-infected cells represent a 
small percentage of the total cell population, this 
method minimizes side effects resulting from generalized 
cell damage. In the specific example of an HIV-infected 
patient, the enriched CTL sub-sample would target HIV- 
infected CD4 lymphocytes, monocytes and macrophages, 
leaving other cells of the immune system (including 
uninfected CD4-bearing lymphocytic and monocytic cells) 
intact and thus reducing the risk of immunosuppression. 
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This method also avoids the side, effects, e.g., the 
vascular-leak syndrome associated with lymphokine 
therapy. 

CTL-stimulatory pathogen-specific antigens (e.g., 
peptides including immunodominant epitopes) are 
administered in therapeutic amounts to a pathogen- 
infected patient either as a purified peptide or as a 
processed antigen presented on the surface of an 
irradiated autologous antigen-presenting cell (e.g., 
irradiated autologous B cells or autologous PBLs, 
incubated with peptide antigen as described in the above 
example) . Because such CTL-stimulatory pathogen- 
specific antigens expand CTL populations which recognize 
and selectively lyse pathogen-infected cells, this method 
mmimazes generalized cell damage. Typically, such a 
peptide antigen would be mixed with a pharmaceutically 
acceptable carrier (e.g., physiological saline) and 
administered to a patient by the standard procedures, 
e.g., intravenous injection. Alternatively, irradiated 
antigen-presenting cells would be infused back into a 
patient by the standard techniques of Rosenberg (suora) 
as described above. Such CTL-stimulatory pathogen- 
specific antigens may be administered (as described 
above) at any time following infusion with a pathogen- 
specific CTL-enriched sub-sample to further stimulate the 
pathogen-specific CTL response. 

When appropriate, lymphokines such as IL-2 or IL- 
4 may be co-administered with either pathogen-specif ic 
CTL-stimulatory peptides or sub-samples of pathogen- 
specific CTL-enriched lymphocytes to further enhance 
lymphocyte proliferation. To minimize the side effects 
often associated with this treatment, a patient may be 
treated with antihistamines, aspirin or acetaminophen, 
prior to administration of lymphokines. m addition, a 
patient may be treated with cyclophosphamide prior to 
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administration of pathogen-specific CTL-stimulatory 
peptides or pathogen-specific CTL's. 

Pathogen-specific CTL's can combat pathogen 
infection by recognizing and lysing cells infected with 
5 pathogen, thereby preventing further spread of infection. 
Moreover, certain pathogen-specific CTL's, e.g., CTL's 
specific for Epstein-Barr virus, can be used to prevent 
or to treat a virus-induced lymphoma in a patient 
infected with EBV alone or in a patient infected with EBV 
10 and a human immunodeficiency virus. 

OTHER EMBODIMENTS 
Other embodiments are v;ithin the following claims. 
For example, PBLs may be grown in human serum-containing 
medium or, alternatively, in serum-free medium (e.g., AIM 
15 V, Gibco). Mitogens other than PHA (e.g., concanavalin 
A, anti-CD3 monoclonal antibody, or anti-T cell receptor 
monoclonal antibody) and lymphokines other than IL-2 
(e.g., IL-4) may be used to stimulate lymphocyte 
proliferation. Any expression vector capable of 
transfecting or infecting an antigen-presenting cell may 
be used in this invention. 

CTL-stimulatory antigens may be included in HIV- 
1-encoded proteins other than env and RT. e.g., they nay 
be included in the gag or nef proteins. To identify such 
antigens in gag, nef, or in any HIV-i-encoded protein, a 
complete set of candidate peptides would be prepared by 
fragmenting HIV-l cDNA, cloning each fragment into a 
. vaccinia expression vector (or any appropriate expression 
vector as defined above), and testing for CTL-stimulatory 
30 capability as described in the above example. 

Alternatively, candidate peptides may be synthesized in 
vitro and tested for CTL-stimulatory activity as 
described in the above example. An epitope domain could 
be further refined by expressing sub-fragments of the 
cloned DNA or by synthesizing sub-fragments of the 
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candidate peptides, which span the immunogenic region. 
Large numbers of fragments could be tested simultaneously 
by attaching candidate peptides to a series of microtiter 
wells, adding *^Cr-labelled autologous target cells, 
5 adding an aliquot of a patient's T cells to each well, 
and screening for cytotoxicity. Fragments shown to 
encode a CTL-stimulatory peptide would be administered 
directly to the patient (as a peptide or presented on the 
surface of an irradiated, autologous antigen-presenting 
10 cell) or would be used to selectively expand an HIV-i- 
specific CTL population in a sample of a patient's 
peripheral blood lymphocytes. Any isolate of HIV-i may 
be used as a source of candidate viral-specific antigens, 
and a patient infected with any isolate of HIV-i (e.g., 
"^^"^Mf) »ay be treated using the methods of this 
invention. Proteins or protein fragments homologous to 
HIV-i-encoded proteins nay also be useful in this 
invention if such proteins or fragments elicit an HIV-i- 
specific CTL response; such proteins may be coded for by 
20 other primate lentiviruses, e.g., htlv-I and HTLV-II as 
well as the simian immunodeficiency viruses. T cell 
lines or pathogen-infected patients may be presented 
simultaneously with mere than one pathogen-specific CTL- 
stimulatory epitope; such epitopes may be resident in the 
25 same or in different proteins. 

Similarly, any pathogen-infected mammal 
(particularly, domesticated animals and livestock) may be ' 
treated with a therapeutic amount of a CTL-stimulatory 
pathogen-specific antigen or with a sub-sample of the 
30 mammal's lymphocytes enriched for CTL's which recognize 
and lyse cells bearing such an antigen, using the methods 
described above. Moreover, these methods can be used to 
Identify CTL-stimulatory antigens of, and to treat human 
patients or mammals infected with, other pathogenic 
35 viruses including, but not limited to, HIV-2, human T- 
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cell leukemia viruses, Herpes viruses (e.g., Epstein- 
Barr virus) as well as any intracellular disease-causing 
mycobacterium^ protozoan, or fungus. Generally, sub- 
samples of pathogen-specific CTL's would be prepared as 
5 described above for HIV-l, i.e., by culturing a patient's 
lymphocytes in the presence of pathogen-infected cells or 
in the presence of one or more CTL-stimulatory pathogen- 
specific epitopes. In the case of an intracellular 
pathogen which does not reside in peripheral blood 

10 lymphocytes, a sample of the patient's or mammal's cells 
which harbor pathogen would be isolated by standard 
techniques and co-cultured with a sample of the patient's 
or mammal's lymphocytes to produce a pathogen-specific 
CTL-enriched lymphocyte sub-sample. 

15 Pathogen-specific antigens may be presented to T 

cells in processed form on the surface of an antigen- 
presenting cell other than a B-lymphocyte, e.g., on the 
surface of an autologous PBL or an autologous cell of 
monocytic lineage. 
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Claims 

1 1. 

2 

3 
4 
5 
6 
7 



8 
9 
10 
11 
12 



A method of preparing a therapeutic ' 
composition comprising taking a sa.ple of lymphocytes 
from a mammal infected with an intracellular pathogen 

enriched for cytotoxic T lymphocytes which recognize a 
pathogen-specific antigen and which are capable of IvLn 
pathogen-infected cells of said mammal. 

2. . A therapeutic composition comprising a 
preparation enriched for cytotoxic T ^^,™r,^, ^ 
are derivoH ^ cytotoxic T lymphocytes which 

are derived from a mammal infected with an intracellular 
path ,,,,, ^ pathogen-specific antigen an. 

13 sl T ""'^'^ °' '^^'"^ pathogen-infected cell! of 
13 said mammal- " 



3. A therapeutic composition .nrleh.d (or 
cytotoxic T lymphocytes derived from . ^mm.l, said 
cytotoxic T lymphocytes recc,„i.i„, a pathogen-specific 

cells Of said mammal, for use in the treatment of said 
pathogen infected mammal. 

for the Vre.?* T' - medicament 

for the treatment of a mammal infected with an 

intracellular pathogen, of an enriched preparation of 
cytotoxic T lymphocytes which are derived from said 
-»mal. Which recognise an antigen specific tor said 

infected cells of said mammal. 

S. The combination of a pathogen-specific antla.n 
ana a preparation enriched for cytotoxic T lymphocyte; 
for use in the treatment of a mammal infected Tith said 
30 pathogen intracelluiarly, said lymphocytes recogni. n" 
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31 said pathogen-specific antigen and being capable of 

32 lysing cells of said mammal infected with said pathogen. 
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